Abstract: Malignant mesothelioma is an uncommon tumor of serosal surfaces. The most common sites of origin include the pleura and the peritoneum. Malignant mesothelioma of the tunica vaginalis testis is rare. We describe a 78 year-old man with a 2-month history of a rapidly enlarging scrotum. The initial pathologic diagnosis was fibrous pseudotumor by the presence of cellular spindle cells and the background of dense fibrous tissue. However, further immunohistochemistry revealed characteristic features of desmoplastic variant mesothelioma. Mesothelioma of the peritoneum and tunica vaginalis tends to be the epithelioid type. The purely desmoplastic-type mesothelioma of the tunica vaginalis has never been reported. Immunohistochemistry is essential to the diagnosis.
INTRODUCTION
Desmoplastic mesothelioma is an unusual subtype of malignant mesothelioma and constitutes approximately 10% of all malignant mesothelioma cases [1] . The disease generally arises from visceral pleura. The most common etiology of this neoplasm is asbestos exposure. Histologically, more than half of the tumor is fibrous and has low cell content [2] . Therefore, it can be difficult to distinguish a true neoplasm from a reactive process based on histology. In the present report, we describe a desmoplastic-type mesothelioma arising from the tunica vaginalis that was initially misdiagnosed as a fibrous pseudotumor.
CASE REPORT
A 78-year-old man presented 2-month history of rightsided scrotal swelling. He had suffered a straddle injury four years prior to this presentation and denied history of asbestos exposure. The results of other physical examination were unremarkable and the laboratory studies were within normal limits. Sonography showed right-sided multi-septum hydrocele. Then he underwent hydrocelectomy, and a white soft mass, measuring 3 cm x 2 cm x 1 cm, was noted on the tunica vaginalis. The lesion was resected and submitted for pathologic examination.
The lesion was a solid and partly cystic tumor, which formed nodules on the surface of the tunica vaginalis. The intraoperative frozen section revealed that the tumor consisted of poorly defined fascicles and sheets of spindle cells, with oval nuclei, scant amphophilic cytoplasm and a few prominent nucleoli (Fig. 1A) (Fig. 1B) . The initial pathologic diagnosis was nodular fibrous proliferation (fibrous pseudotumor) of the tunica vaginalis testis. Further immunohistochemical studies were performed. The tumor cells were immunoreactive for cytokeratin ( Fig. 1C) and calretinin ( Fig.  1D) , and negative for CD34, CEA, desmine and S-100 protein. Based on these findings, the final diagnosis was desmoplastic-type mesothelioma. The patient underwent radical orchiectomy. At 8-month postoperative follow up, abdominal and pelvic computed tomography (CT) revealed no tumor recurrence.
DISCUSSION
Malignant mesothelioma of the tunica vaginalis is a rare, aggressive tumor with a wide age range of occurrence and a wide morphological spectrum [3] . Patients typically present with hydrocele, but initial physical examination rarely suggests malignancy [3] . A history of asbestos exposure and trauma has been proposed as an etiological factor for this tumor [1, 3] . Malignant mesothelioma can be subclassified into epithelioid, sarcomatoid, desmoplastic and biphasic variants depending on the dominant histologic type. Each type shows nuclear pleomorphism, mitotic activity and stromal invasion. Immunohistochemistry is helpful in reaching the correct diagnosis [4, 5] .
The initial intraoperative frozen biopsy specimen from our patient revealed a thickened tunica vaginalis consisting of densely fibrous paucicellular tissue. The fibroblast-like spindle cells were bland-looking and had low cell content. At first, this was attributed to inflammatory involvement of the surrounding tissue; however, it was later determined that the spindle cells infiltrated the adjacent soft tissue. They were also immunohistochemically positive for cytokeratin and the mesothelial marker calretinin. Based on these findings, desmoplastic-type mesothelioma was diagnosed. In our case, fibrous paucicellular tissue comprised more than 90% of the thickened tunica vaginalis, and the histological features of fibroblast-like cells were indicative of the desmoplastic variant.
The differential diagnosis of desmoplastic mesothelioma of the tunica vaginalis includes fibrous pseudotumor, solitary fibrous tumor, primary sarcoma, non-specific reactive fibrosis and reactive mesothelial hyperplasia. The tumor cells in our case were immunoreactive for cytokeratin and negative for CD34, which helped us differentiate it from a solitary fibrous tumor. Although the desmoplastic areas in fibrous pseudotumors of the tunica vaginalis resemble those seen in desmoplastic mesothelioma, the presence of keratin and calretinin indicate the desmoplastic mesothelioma could be considered more than fibrous pseudotumor. Primary sarcoma of tunica vaginalis is rare and often cytokeratin negative. In inflammatory and reactive lesions, there is usually granulation tissue with inflammatory cell infiltration. The fibrous tissue of inflammation does not show a basket-weave pattern with haphazard arrangement of slit-like spaces. In addition, the cytokeratin-positive atypical spindle cell infiltration of peripheral adipose tissue is not a feature of reactive fibrous lesions. Distinguishing malignant mesothelioma from benign fibrous lesions of the tunica vaginalis is clinically important. Orchiectomy may be unnecessary when the neoplasm is benign. Intraoperative frozen section analysis is helpful in establishing the correct diagnosis and is essential for testicularsparing procedures. In malignant mesothelioma, although adjuvant chemotherapy and radiotherapy have little value, local and nodal recurrence may be successfully treated by orchiectomy with en bloc excision of the scar and underlying tissue [6] .
With reference to the etiology of desmopastic mesothelioma of the pleura, 75% of patients had previous exposure to asbestos, but cases without asbestos exposure have also been reported [1] . The etiology of tumorigenesis of mesothelioma of the tunica vaginalis remains unknown. It has been suggested that some malignant mesothelioma might be due to local trauma, inflammation and asbestos exposure [3, 7, 8] . In our case, the patient denied a history of asbestos exposure but he had suffered a straddle injury four years prior to this presentation. In addition to asbestos exposure, infection by SV40 virus has recently been shown to be an etiological factor for malignant mesothelioma of pleura. However, SV40 DNA has not been investigated in peritoneal or tunica vaginalis mesothelioma [1] . To facilitate the understanding of the etiology of malignant mesothelioma of peritoneum and tunica vaginalis, a systemic study involving many cases is needed.
In summary, this is the first case of desmoplastic-type mesothelioma of the tunica vaginalis. This is a rare variant of malignant mesothelioma and is often misdiagnosed as reac- tive fibrosis because of extensive collagen fibrosis. For further treatment, it is important to recognize this variant and to distinguish it from non-specific fibrosis, solitary fibrous tumor and sarcoma of the tunica vaginalis. Malignant mesothelioma must be considered in patients with a clinical diagnosis of testicular hydrocele. Although malignant mesothelioma of the tunica vaginalis is seldom suspected or confirmed preoperatively, a biopsy specimen should be taken when the diagnosis is suspected. The history of asbestos exposure and trauma, and a number of histological criteria, such as foci of bland collagen necrosis, invasion of adipose tissue, as well as reliable immunohistochemical studies are necessary to make the correct diagnosis.
